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IMMUNOGENIC PEPTIDES FROM THE HPV E7 PROTEIN 

This application claims priority from currently 
pending USSN 60/061,657 (herein incorporated by reference) , 
which was filed October 9, 1997. 

Background of the Invention 
This invention relates to treatment of human 
papilloma virus (HPV) infection. 

Papilloma viruses are non-enveloped DNA viruses with 
a double stranded circular genome of approximately 8,000 bp. 
Over 75 types of human papilloma viruses (HPV) have been 
typed at the DNA level, and these can be broadly grouped 
into families on the basis of their tissue tropism.. 

Histologic, molecular, and epidemiologic evidence 
have implicated some HPV strains in cervical dysplasia and 
cervical cancer. Many studies support the view that most 
moderate and severe cervical ' intraepithelial neoplasias 
(CIN) contain HPV DNA which is exclusively detected in the 
histologically abnormal epithelium of these lesions. 
Persistent infection with HPV is believed to be the 
predominant risk factor for development of cervical 
carcinoma. HPV DNA is readily found in episomal form within 
cells exhibiting a cytopathic effect, while the HPV DNA is 
found integrated within the chromosomes of cells associated 
with most high grade precancerous lesions and cancer. 
Approximately 23 HPV types are commonly found in anogenital 
screening programs, but only 10-15 are associated with 
progressive disease. Type 16 is the type most commonly 
found in cervical cancer tissue. 



Papillomaviruses contain nine open reading frames. 
HPV genes with transforming properties have been mapped to 
open reading frames E6 and El. Substantial biochemical work 
has demonstrated that the HPV E6 protein inactivates the 
5 protein p53, whereas the E7 protein interferes with 

retinoblastoma (Rb) protein function. Since p53 and Rb are 
tumor -suppressor proteins which function as cell division 
inhibitors, their inactivation by E6 and E7 leads the cell 
to enter into S phase of the ceil cycle. Expression of E6 
10 and E7 is sufficient to immortalize some primary cell lines, 
and blocking E6 or E7 function has been shown to reverse the 
transformed state. 

Summary of the Invention 
The invention is based on the discovery that a 

15 13 amino acid peptide from, the HPV strain 16 E7 protein that 
contains overlapping class I HLA binding, T cell epitopes 
can induce a CTL response in an animal. Accordingly, the 
invention includes an immunogenic peptide^ having within its 
sequence multiple class I MHC-binding epitopes from a human 

20 papillomavirus (HPV) protein, and which has a length of less 
than 19 amino acids and includes the sequence of Leu Met Gly 
Thr Leu Gly . He Val Cys Pro He Cys (SEQ ID NO: 16) 
(hereinafter "immunogenic peptide"). The immunogenic 
peptide can optionally include sequences in addition to 

25 those derived from the E7 protein. 

The immunogenic peptide can have the sequence of Leu 
Leu Met Gly Thr Leu Gly He Val Cys Pro He Cys (SEQ ID 
NO: 3) or Xaa Leu Met Gly Thr Leu Gly He Val Cys Pro He 
Cys, Xaa being Met, Ala, Ser, Arg, Lys, Gly, Gin, Asp, or 

30 Glu (SEQ ID NO: 19), e.g., Ala Leu Met Gly Thr Leu Gly He 
Val Cys Pro He Cys (SEQ ID NO: 4) . 
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The invention also includes the peptides Thr Leu Gly 
He Val Cys Pro He (SEQ ID NO:20) and Gly Thr Leu Gly Leu 
Gly He Val Cys Pro He (SEQ ID N0:21)., as well as Xaa Thr 
Leu Gly lie Val Cys Pro He (SEQ ID NO: 27) and Gly Thr Leu 
5 Gly Leu Gly He Val Cys Pro He (SEQ ID NO: 28), Xaa being 
Met, Ala, Ser, Arg, Lys, Gly, Gin, Asp, or Glu. 

In addition, all of the peptides discussed herein 
may include additional amino acids to facilitate expression,' 
e.g., an amino terminal methionine to facilitate 

10 translation. 

The invention also includes a polypeptide having the 
sequence of a first peptide linked to a second peptide by a 
peptide bond. The first peptide (which can be at the 
carboxy terminus or the amino terminus of the second 

15 peptide, so long as it functions in that site) is a peptide 
which controls intracellular trafficking of a peptide to 
which it is attached, and the second peptide is the 
immunogenic, peptide described above. The polypeptide may 
optionally be modified to introduce an amino acid 

20 substitution at the junction between the first and second 
peptides to promote cleavage of the first and second 
peptides by a signal peptidase. 

The trafficking peptides can be any recognized 
signal sequence, e.g. a signal sequence from the adenovirus 

25 E3 protein. A preferred trafficking peptide is the signal 
peptide of HLA-DRa , Met Ala He Ser Gly Val Pro Val Leu Gly 
Phe Phe He He Ala Val Leu Met Ser Ala Gin Glu Ser Trp Ala 
(SEQ ID NO: 18) . 

The invention in addition includes a therapeutic 

3 0 composition containing the immunogenic peptide described 
above, and a pharmaceutically acceptable carrier. The 
polypeptide can optionally be formulated in a micropart icle , 
a liposome or an immune-stimulating complex (ISCOM) (which 
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may contain saponin alone as the active ingredient) , or any- 
other vehicle suitable for delivering into subjects the 
immunogenic peptides of the invention. When a microparticle 
is used, it preferably has a polymeric matrix that is a 
5 copolymer such as poly- lactic- co-glycolic acid (PLGA) . 

An immune response (e.g., a cellular immune 
response, including an MHC class I-mediated or class II- 
mediated immune response) in a mammal can be elicited ,by 
administering the immunogenic peptide to a mammal, e.g., a 
10 human, non-human primate, dog, cat,, rabbit, cow, mouse, rat, 
guinea pig, or hamster, that has an MHC molecule that binds 
to the immunogenic peptide. The immunogenic peptide can be 
administered as part Of a microparticle, liposome, or ISCOM, 
or in solution. 

15 Another way to administer the peptide utilizes a 

nucleic acid, e^g., an expression vector, comprising a 
coding sequence encoding the immunogenic peptide. The 
nucleic acid can optionally encode a signal sequence linked 
to the immunogenic peptide, as described above. When the 

20 .nucleic acid encodes such a signal sequence, it is preferred 
that it encodes the signal sequence from HLA-DRa (SEQ ID 
NO: 18) . In such a case, the immunogenic peptide can have 
the sequence, for example, of SEQ ID NO: 4 or SEQ ID NO: 3. 
Preferably, the nucleic acid does not include sequences from 

2 5 a viral genome that would render the nucleic acid 

infectious, and does not encode an intact E7 protein. 

The nucleic acid described above can be included in 
a plasmid, optionally provided in a microparticle that also 
includes a polymeric matrix. In preferred embodiments, the 

30 polymeric matrix consists essentially of a copolymer of 

PLGA. The microparticle preferably has a diameter of, e.g., 
0.02 to 20 microns, or less than about 11 microns. A 
plurality of microparticles preferably has diameter of, e.g., 



0.02 to 20 microns, or less than about 11 microns 

Also within the invention is a cell containing the 
plasmid of the invention. The cell can, e.g., be a B cell 
or other antigen presenting cell (APC) . The cell may be 
5 cultured or otherwise maintained under conditions permitting 
expression of the peptide from the plasmid encoding it. 

The nucleic acid and plasmid of the invention are 
useful in a method of inducing an immune response in a 
mammal, e.g., a human, by administering the above-described 

10 plasmid to the mammal, e.g., as "naked DNA" . The mammal may 
be at risk for, or suffer from., HPV infection, cervical 
dysplasia, and/or cervical cancer. The nucleic acids and 
plasmids of the invention can also be incorporated into 
microparticles , liposomes, ISCOMS, or any other suitable 

15 delivery vehicle as described above., 

The invention further includes a plasmid having a 
sequence essentially identical, to that of pBIOTOPE HPV (SEQ ID 
NO:7), or a micropart icle consisting essentially of a PLGA 
polymeric matrix and the pBIOTOPE HPV plasmid, as well as 

2 0 - methods of inducing an immune response in a mammal by 
administering either the plasmid alone, or the plasmid 
incorporated into such a microparticle, to the mammal. 

By a "substantially pure polypeptide" is meant a 
polypeptide which is separated from those components 

25 (proteins and other naturally-occurring organic molecules) 

which naturally accompany it. Typically, the polypeptide is 
substantially pure when it constitutes at least 60%, by 
weight, of the protein in the preparation. Preferably, the 
protein in the preparation consists of at least 75%, more 

30 preferably at least 90%, and most preferably at least 99%, 
by weight, of an immunogenic peptide. 

Unless otherwise defined, all technical and 
scientific terms used herein have the same meaning as 
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commonly understood by one of ordinary skill in the art to 
which this invention belongs. The preferred methods and 
materials for practicing the invention are described below, 
although other methods and materials similar or equivalent 
5 to those described herein can be used in the practice or 
testing of the present invention. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by. reference in their entirety. In case of 
■ conflict, the present application, including definitions, 
10 will control. The materials, methods, and examples are 
illustrative only and not intended to be limiting. 

Other features and advantages of the invention will 
be apparent from the following detailed description, and 
from the claims. 

15 Brief Description of the Drawings 

Fig. 1 is a schematic drawing of the pBIOTOPE HPV 

. plasmid. 

Fig. 2 is- a graph showing the results of subjecting 
cells to triple color flow cytometry staining for CD8 , CD16, 

2 0 and interf eron-gamma . 

Fig. 3 is a graph showing CTL lysis of an HLA-A2* , 
HPV16Vcell line with T cells from an HLA-A2* donor 
stimulated with an influenza peptide (-■-), the A2 . 1 peptide 
(-•-), or the A2.4-C peptide (-a-). 

2 5 - Fig. 4 is. a graph showing CTL lysis of an HLA- A2 r , 

HPV16* cell line with T cells from a second HLA-A2* donor 
stimulated with an influenza peptide (-■-), the A2 . 1 peptide 
( -•- ) , or the A2 . 4 pept ide ( - a - ) . 
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Detailed Description 
The peptides disclosed herein, and the nucleic acids 
encoding the peptides, can be used to elicit an immune 
response against the HPV E7 protein. The peptides were 
5 identified in part based on their binding affinity with the 
MHC class I HLA-A2 allele. Thus, the immune response 
elicited by these peptides is likely to be class I -mediated 
but may also involve class II mediated responses, B cell 
responses, or NK cell responses. The immune response can 
10 thus involve, e.g., cells expressing MHC class I molecules 
or cells expressing MHC class II molecules. The immune 
response can also include immune cells such as macrophages, 
polymorphonuclear monocytes (PMN) , natural killer cells, and 
B cells . 

15 Five immunogenic peptides derived from the HPV 

type 16 E7 protein are shown in Table I. Peptide A2.1/4, 
Leu Leu Met Gly Thr Leu Gly lie Val Cys Pro lie Cys (SEQ ID 
NO:3), corresponds to amino acids 82-94 in the HPV Type 16 
E7 protein and includes the overlapping sequences of . 

'20 peptides A2.1, Leu Leu Met Gly Thr Leu Gly He Val (SEQ ID 
NO:l) , A2.4, Thr Leu Gly He Val Cys Pro He Cys (SEQ ID 
NO:2) A2.4-C, Thr Leu Gly He Val Cys Pro He (SEQ ID 
-NO:20), and A2.5, Gly Thr Leu Gly lie Val Cys Pro lie (SEQ 
LID NO: 21) . Thus, peptide A2.1/4 has at least four 

25 overlapping epitopes potentially recognized by class I MHC. 
restricted T cells. 
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Table I. Amino acid sequences of conserved, class I-MHC 
binding, TCR binding HPV strain 16 E7 peptides 



5 



A2 . 1/4 
A2 . 4-C 
A2 . 5 



A2 . 1 
A2 . 4 



TLGIVCPI 
GTLGIVCPI 



LLMGTLGIV 
TLGIVCPI C 



LLMGTLGIVCPIC 



(SEQ ID NO:l) 

(SEQ ID NO: 2) 

(SEQ ID NO: 3) 

(SEQ ID NO:20) 

(SEQ ID NO: 21) 
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A peptide of the invention may optionally include 



one having the amino acids SQK added to the carboxy terminus 
of the A2.1/4 peptide sequence ("the extended peptide") . 
Processing of the extended peptide can generate the peptide 
IVCPICSQK (SEQ ID NO: 22) , which has been reported as binding 

15 the MHC class I molecules HLA-A3 and HLA-A11 (Kast et al . , 
J. Immunol. 152:3904-11, 1994). This region of the HPV E7 
protein has several peptides that can be processed into MHC 
binding peptides. Additional extensions to the amino . or 
carboxy terminus of the A2.I/4 peptide may further increase 

20 the number of peptides that can be generated from this 
region of the E7 protein. 



trafficking sequence that directs the peptides to a desired 
intracellular compartment. A trafficking' sequence is an 

25 amino acid sequence which functions to control intracellular 
trafficking (directed movement from organelle to organelle 
or to the cell surface) of a polypeptide to which it is 
attached. Such trafficking sequences might traffic the 
polypeptide to ER, a lysosome, or an endosome, and include 

3 0 signal peptides (the amino terminal sequences which direct 
proteins into the ER during translation) , ER retention 
peptides such as KDEL (SEQ ID NO: 20), and lysosome- targeting 



The peptides of the invention can be linked to a 
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peptides such as KFERQ (SEQ ID NO-21) , QREFK (SEQ ID NO:22), 
and other pentapeptides having Q flanked on one side by four 
residues selected from K, R, D, E , F, I, V, and L. 

Short amino acid sequences can act as signals to 
5. target proteins to specific intracellular compartments. For 
example, hydrophobic signal peptides are -found at the amino 
terminus of proteins destined for the ER, while the sequence 
KFERQ (SEQ ID N0:21) . (and other closely related sequences) 
is known to target intracellular polypeptides to lysosomes , 

10 while other sequences target polypeptides to endosomes . 

. One such trafficking sequence is the HLA-DRa leader 
sequence, Met Ala lie Ser Gly: Val Pro Val Leu Gly phe Phe 
lie. lie Ala Val Leu Met Ser Ala Gin Glu Ser Trp Ala (SEQ ID 
NO: 18) . The signal peptide may include only a portion 

15 (e.g., at least ten amino acid residues) of the specified 25 
residue sequence, provided that portion is sufficient to 
• cause trafficking of the polypeptide to the ER. 

•. In some cases it is desirable to modify the portion 
of the peptide spanning the trafficking sequence and the 

20 sequence encoding the HPV E7 antigenic peptide to facilitate 
processing, i.e., cleavage, by the signal peptidase. 
Recognition sequences for signal peptides are described in 
Von Heijne, NAR 14:4633, 1986. 

Standard techniques can be used to construct a DNA 

25 encoding the antigenic peptide (see, e.g., the techniques 
described in WO 94/04171). The construct may include 
additional sequences for enhancing expression in human 
cells, e.g., appropriate promoters, RNA stabilization 
sequences 5' and 3 ' to the coding sequence, introns (which 

30 can be placed at any location 5' or 3' within encoded 

sequence), and poly (A) addition sites, as well as an origin 
of replication and selectable markers enabling the 
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constructs to replicate and be selected for in prokaryotic 
and/or eukaryotic hosts. 

An example of a DNA sequence encoding an immunogenic 
HPV E7 antigen is the BIOTOPE HPV construct (SEQ ID N0:7), 
5 which is shown schematically in Fig. 1. This plasmid 

contains a minigene (SEQ ID NO: 5) at positions 3290-3413. 
The minigene encodes the HLA-DRa trafficking peptide linked 
to 12 residues of the A2 . 1/4 peptide . In the peptide 
encoded by the minigene, an alanine has been substituted for 

10 the amino terminal leucine in the A2.1/4 peptide in order to 
facilitate cleaving of the trafficking peptide from the 
immunogenic peptide by a signal peptidase.. The BIOTOPE HPV 
construct also carries the immediate early promoter of human 
cytomegalovirus (CMV) at positions 2619-3315, and RNA 

15 stabilization sequences (RST) derived, from the Xenopus 
laevis . £?-globin gene flanking the minigene (positions 
3219-3279 and 3426 - 3 624 ) . To maximize export from the 
nucleus, the pre-mRNA expressed from the plasmid contains a 
chimeric intron between the coding sequence of the minigene 

20 and the SV40 polyadenylation site. The intron can also 
function if located between the promoter and the coding 
region. 

Once in the cytoplasm of the cell, the mRNA 
transcribed from the minigene is translated to produce a 

2 5 40 amino acid hybrid peptide. The first two amino acids are 

methionine and aspartic acid (derived from vector 
sequences) , and the next 38 amino acids correspond to Met 
Ala He Ser Gly Val Pro Val Leu Gly Phe Phe He He Ala Val 
. Leu Met Ser Ala Gin Glu Ser Trp Ala Ala Leu Met Gly Thr Leu 

3 0 Gly He Val Cys Pro He Cys (SEQ ID NO: 6) . The amino - 

terminal 25 amino acids of the 38-residue portion are 
identical in sequence to the non- polymorphic HLA-DRar chain 
gene leader sequence (SEQ ID NO: 18) . The last 13 amino 



acids have the sequence Ala Leu Met Gly Thr Leu Gly lie Val 
Cys Pro lie Cys (SEQ ID NO: 4), which is the A2.1/4 peptide 
described above, but with an alanine residue substituted for 
che amino terminal leucine residue. While the translated 
5 peptide is 40 amino acids in this example, it is understccd 
that a longer peptide would be generated if the plasmid 
encodes, for example, an immunogenic peptide with the amino 
acid sequence of SEQ ID NO: 23. 

Also within the plasmid is a kanamycm resistance 

10 gene (positions 519-1313), which is driven by the SV40 early 
promoter, (positions 131-484) and which has a thymidine 
kinase (TK) 'polyadenylation site (positions 1314-1758). The 
kanamycin resistance gene and accompanying regulatory 
sequences are for selection purposes only and can be removed 

15 from the. plasmid if selection is not required or desired. 

Once expressed in a cell, the encoded peptide can be 
processed into one of several HLA.MHC class I binding 
epitopes. At least some of these are included in Table 1. 
These peptides can bind the HLA-A2 allele and may also bind 

20 other alleles, such as HLA-A1 , HLA-A3, HLA-A11 , HLA-A24 . 

The MHC molecule, upon binding to the peptide, can activate 
a T cell response. MHC class II binding peptides may also 
: be generated from the encoded peptide. These peptides would 
be expected to activate. T helper cells or CTL upon 

25 presentation by the MHC class II expressing cells. Other 

receptors may also bind the encoded peptide or its processed 
fragments to activate immune cells such as NK or B cells. 
These cells may also be activated by cytokines elicited in 
response to the peptides of the invention'. 

30 The peptides and nucleic acids of the invention can 

be used as vaccines prophylactically or therapeutically in 
subjects known to be infected by HPV, suspected of being 
infected by HPV, or likely to become infected by HPV. Other 



suitable subjects include those .displaying symptoms of, or 
likely to develop, HPV-associated conditions. The 
immunogenic peptides, and nucleic acids encoding these 
peptides, can be used as vaccines in preventing or treating 
5 conditions associated with infections of HPV strain 16, 
e.g., bowenoid papulosis, anal dysplasia, respiratory or 
conjunctival papillomas, cervical dysplasia, cervical 
cancer, vulval cancer, or prostate cancer. They can also be 
used to treat conditions associated with other HPV strains, 

10 especially those associated with HPV strains 18, 45, 6, 11, 
35 and 31, which have regions of homology to the peptide of 
SEQ ID NO: 3'. These conditions include, e.g., exophytic 
condyloma (HPV strains. 6 and 11) , flat condyloma, especially 
■ of the cervix (HPV strains 6, 11, 16, 18, and 31), giant 

15 condyloma (HPV strains 6 and 11), cervical cancer (HPV 
strains 18, 31, and 33, in. addition to HPV strain 16), 
respiratory and conjunctival papillomas (HPV 6 and 11) , and 
infection with genital- tract HPVs (HPV 6, 11, and 16) . 

The immunogenic peptides or nucleic acids encoding 

20 the peptides can administered alone or in combination with 
other therapies known in the art, e.g., chemotherapeut ic 
regimens, radiation, and surgery, to treat HPV infections, 
or diseases associated with HPV infections. In addition, 
the peptides and nucleic acids of the invention can be 

25 administered in combination with other treatments designed 

to enhance immune responses, e.g., by co-administration with 
adjuvants or cytokines (or nucleic acids encoding cytokines) 
as is well known in the art. 

The peptides or nucleic acids of the invention can 

3 0 also be used in manufacture of a medicament for the 

prevention or treatment of HPV infection, or conditions 
associated with HPV infection. 
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Delivery of Immunogenic Peptides and Nucleic Acids Encoding 
Immunogenic Peptides 

The delivery systems of the invention may be used 
to deliver, into appropriate cells, peptides, or DNA 
.5 constructs which express peptides, intended to stimulate an 
immune response against HPV. An advantage of DNA delivery 
is that the antigenic peptide is produced inside the target 
cell itse.lf , where the interaction with a class I or' class 
II MHC molecule to which the immunogenic peptide binds is 

10 kinetically favored. This is. in contrast to standard 

vaccine protocols which do not specifically direct antigenic 
peptides to MHC molecules. In addition, the immune response 
directly stimulated by DNA vaccines of the invention is 
likely to be limited to a T.cell mediated response, in 

15 contrast to standard vaccine protocols which result in a 
more generalized immune response, although it is possible 
that an antibody response may be indirectly induced when 
. cells bearing viral particles are killed, or by other 
mechanisms . . 

20 The immunogenic peptides, or nucleic acids encoding, 

the peptides, can be administered using standard methods, 
e.g., those described in Donnelly. et al . , J. Imm. Methods 
176:145, 1994, and Vitiello et al . , J. Clin. Invest. 95:341, 
1995. Peptides and nucleic acids of the invention can be 

2 5 injected into subjects in any manner known in the art, e.g., 
intramuscularly, intravenously, intraarterially , 
intradermally, intraperitonealiy , intranasally, 
intravaginally , intrarectally or subcutaneously , or they can 
be introduced into the gastrointestinal tract, the mucosa, 

30 or the respiratory tract, e.g., by Inhalation of a solution 
or powder containing the microparticles . Administration can 
be local (e.g., at the cervix or other site of infection) or 
systemic . 



The immunogenic peptides and nucleic acids encoding 
immunogenic peptides can be delivered in a pharmaceutically 
acceptable carrier such as saline, lipids, liposomes, 
microspheres, nanospheres, as colloidal suspensions, or as 
5 powders. They can be naked or associated or complexed with' 
delivery vehicles and delivered using delivery systems known 
.in the art, such as lipids, liposomes, micropart icles , gold, 
nanoparticles , polymers , ' condensing agents, polysaccharides, 
polyamino acids, dendrimers, saponins, adsorption enhancing 

10 materials, or fatty acids. 

it is expected that a dosage of approximately 0.1 to 
100 /jmoles of the polypeptide, or. of about 1 to 
. 200 jig of DNA, would be administered per kg of body weight 
per dose. Where the patient is an adult human, vaccination 

15 regimens can include, e.g., intramuscular, intravenous, 
.oral, or subcutaneous administrations of 10-1000 ng of 
pBIOTOPE HPV DNA when delivered in a micropart icle ,' or of 
about 100-1000 \ig of naked pBIOTOPE HPV DNA delivered 
intramuscularly or ihtradermally, repeated 3-6 times. Of 

20. course, as is well known, in the medical arts, dosage for any 
given patient depends upon many factors, including the 
patient's size, body surface area, age, the particular 
compound to be administered, sex, time and route of 
administration, general health, and other drugs being 

25 administered concurrently. Determination of optimal dosage 
is well within the abilities of a pharmacologist of ordinary 
skill. 

Other standard delivery methods, e,g, biolistic 
transfer, or ex vivo treatment, can also be used. In ex 
30 vivo treatment, e.g., antigen presenting cells (APCs) , 

dendritic cells, peripheral blood mononuclear cells, or bone 
marrow cells, can be obtained from a patient or an 
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appropriate donor and activated ex vivo with the immunogenic 
compositions, and then returned to the patient. 

Microparticle Delivery of Synthetic Immunogenic Peptides or 
Plasmids Encoding Immunogenic Peptides 
5 Microparticles, including those described in U. S. 

Patent No. 5,783,567, can be used as vehicles for delivering 
macromolecules such as DNA, RNA, or polypeptides into cells. 
They contain macromolecules embedded in a polymeric matrix 
• or enclosed in a shell of polymer. Microparticles act to 

10 maintain the integrity of the macromolecule e.g., by 
maintaining, enclosed DNA in a nondegraded state. 
Microparticles can also be used for pulsed delivery of the 
■ macromolecule, and for delivery at a specific site or to a 
specific cell or target cell population.. 

15 The polymeric matrix can be a biodegradable co- 

polymer such as poly-lactic-co-glycolic acid, starch, 
gelatin, or chitin. Microparticles can be used in 
particular to maximize delivery of DNA molecules into a 
subject's phagocytotic cells. Alternatively, the 

20 microparticles can be injected or implanted in a tissue, 

where they form a deposit. , As the deposit breaks down, the 
nucleic acid is released gradually over time and taken up by 
neighboring cells (including APCs) as free DNA. 

2 5 Liposomal Delivery of Synthetic Immunogenic Peptides or 

Plasmids Encoding Immunogenic Peptides 

The immunogenic peptides of the invention can be 
administered into subjects via lipids, dendrimers, or 
liposomes using techniques that are. well known in the art. 

3 0 For example, liposomes carrying immunogenic polypeptides or 

nucleic acids encoding immunogenic peptides are known to 
elicit CTL responses in vivo (Reddy et al . , J. Immunol. 
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148:1585, 1992; Collins et al . , J. Immunol. 148:3336-3341, 
1992; Fries et al . , Proc. Natl. Acad. Sci. USA 89:358, 1992; 
Nabel et al., Proc. Nat. Acad. Sci. (USA) 89:5157, 1992). 



Delivery of Synthetic Immunogenic Peptides or Plasmids 
5 Encoding Immunogenic Peptides Using Saponin 

The peptides and nucleic acids of the invention can 
be administered by using Immune Stimulating Complexes. 
(ISCOMS) , which are negatively charged cage-like structures 
of 3 0-40nm in size formed spontaneously on mixing 
10 cholesterol and Quil A (saponin), or saponin alone. The 
peptides and nucleic acids of the invention can be co- 
administered with the ISCOMS, or can be administered . 
separately. 

Protective immunity has been generated in a variety 
15 of experimental models of infection,, including toxoplasmosis 
and Epstein-Barr virus- induced tumors, using ISCOMS as the 
delivery vehicle for antigens (Mowat et al . , Immunology 
Today 12:383-385, 1991). Doses of antigen as low as Iptg 
encapsulated in ISCOMS have been found to produce class I 
20 mediated CTL responses , where either purified intact HIV-1- 
IIIB'gp 160 envelope glycoprotein or influenza hemagglutinin 
is the antigen (Takahashi et al . , Nature 344:873-875, 1990). 

Measuring Responses of the Immune System and of HPV Virus 
Infections to the Immunogenic Peptides or Nucleic Acids 

2 5 Encoding the Immunogenic Peptides 

The. ability of immunogenic peptides, or nucleic 
acids encoding the same, to elicit an immune response can be 
assayed by using methods for measuring immune responses that 
are well known in the art. For example, the generation of 

3 0 cytotoxic T cells can be demonstrated in a standard 51 Cr 

release assay, by measuring intracellular cytokine 



expression, or by. using MHC tetramers. Standard assays, 
such as ELISA or ELISPOT, can also be used to measure 
cytokine profiles attributable to T cell- activation. T cell 
proliferation can also be measured using assays such as 3 H- 
5 thymidine uptake and other assays known in the art. B cell 
responses can be measured using art recognized assays such 
as ELISA. 

Other methodologies, e.g., digital imaging, 
cytologic, colposcopic and histological evaluations, can 
10 also, be used to evaluate the effects of immunogenic 

peptides, and of nucleic acids encoding the immunogenic 
peptides, on papilloma virus-associated lesions, or on 
papilloma virus levels generally. 

The following are examples of the practice of the 
15 invention. They are not to be construed as limiting the 
scope' of the invention in any way. 

EXAMPLES 

As described in the Examples below, experimental 
models were chosen" to demonstrate the generation of vigorous 

20 CTL responses to plasmids encoding the immunogenic peptides 
of the invention, e.g., pBI0T0PE HPV . : 

Initial screening of HPV peptide sequences was 
performed by assessing binding affinity to the human class I 
HLA-A2 molecule. This was done by measuring the changes in 

25 circular dichroism (CD) as the receptor/ligand complex 

"melted" . Examples of this type of screening are shown in 
Example 1. Of particular interest in Example l was the 
hybrid peptide A2. 1/4, which contains at least two known 
epitopes. 

3 0 Using a murine transgenic model, plasmids containing 

minigenes encoding these peptides were evaluated for their 
ability to generate HLA-A2 restricted CTLS (Examples 2 and 



3). CTL activity, as measured using human target cells 
labeled with HPV peptides, was significantly increased over 
control targets for both the plasmids encoding A2.4 and 
A2.1/4, including the pA2 . 4 plasmid delivered in a. PLGA 
5 microparticle . 

Example 1. Peptides derived from HPV strain 16 E7 protein 
bind purified HLA-A*02Q1 with high affinity 

To determine if peptides A2.1 (SEQ ID NO : 1) , A2 . 2 

(SEQ ID NO: 17), A2 . 4 (SEQ ID NO : 2 ) A2 . 1/4 (SEQ ID NO : 3 ) , and 
10 A2.1/4 SWQ (SEQ ID NO:23) bind with biological affinity to 

the human class I molecule KLA-A2 (for the peptides A2 . 1 , 

A2.2, A2.4 and A2.1/4) or HLA-A3 .(for the A2.1/4-SQK 

peptide), recombinant HLA-A2 or HLA-A3 was produced in E . ; 

coli and refolded in the presence of the HPV-derived 
15 peptides and purified human (S 2 -microglobulin. The resulting 

peptide-HLA complexes were then further purified by HPLC. 

To determine the precise thermokinetic interaction energy 
-between receptor and ligand, each complex was "melted" while- 

its structure was monitored by circular dichroism. The 
20 temperature required to "melt" the complex is an accurate 

indication of the affinity between receptor and ligand. 

The results of the binding studies are shown in 

Table II . 



- 18 - 



Table II. Peptides binding HLA-A molecules 
TABLE II 



NAME Amino Acid Sequence IC 5 o a Tm* 
5 



A2 


. 1 


SEQ 


ID 


NO: 1 


8 


47 


. 8 


A2 


.2 


SEQ 


ID 


NO: 17 


49 


52 


. 5 


A2 


.4 ■ 


SEQ 


ID 


NO : 2 


153 


41 


. 5 


A2 


.1/4 


SEQ 


I'D 


NO: 3 


ND 


41 


. 0 


A2 


. 1/4SWQ 


SEQ 


ID 


NO: 23 


ND 


4 7 


. 8 



°IC 50 represents the amount (nM) of peptide required for 50% 
inhibition of binding of a radiolabeled standard peptide to 
.HLA-A*0201 or . HLA-A*0301 measured in a molecular binding 
15 assay. 

*Values represent the temperature in. degrees Celsius at 
which 50% of the refolded complexes are melted. HLA-A2 and 
HLA-A3 will not refold in the absence of a peptide ligand of 
sufficient affinity. 

20 Of particular interest is a hybrid peptide A2.1/4, 

which contains at least two known overlapping epitopes, A2 . 1 
and A2.4, each of which is presented by HLA-A2 positive 
human cervical tumor cells expressing the HPV 16 E7 protein 
(Ressing et al . , J. Immunology 154:5934, 1995). Of the • 

25 peptides studied, A2 . 4 is predicted to be the most capable 
of eliciting cross reactive immune responses between HPV 
strains. Moreover, the hybrid peptide generates both the 
A2 . 1 and A2 . 4 peptides; administration of ,pBIOTOPE HPV to mice 
was found to generate T cell responses to both immunogenic 

30 peptides . 
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Example 2. Induction of HPV-specific CTL in HLA- transgenic 
mice immunized with intramuscular injections of a plasmid 
encoding the HPV strain 16 derived A2.4 peptide. 

To demonstrate that a plasmid encoding the A2 . 4 
5 peptide (SEQ ID NO: 2) produced HPV peptides in vivo and Chat 
CTL to these peptides were generated, a transgenic animal 
model was employed. The HLA-A2/K b mouse line produces a 
hybrid MHC class I molecule . In this hybrid, the peptide 
• binding domains (al and ct2) are derived from the human class 

10 I molecule HLA-A*0201, whereas the domain (o/3) which 

interacts with the CD8 co-receptor on CTLs is derived from 
the murine class I molecule K b . The resulting animal is 
capable of responding to immunogens which contain HLA-A2 
restricted epitopes and of generating murine CTLs that 

15 recognize human target cells expressing HLA-A2 (Vitiello et 
al., J. Exp. Med. 173:1007, 1991). 

6-8 week old HLA-A2/K b females were immunized with 
either a plasmid encoding the A2 . 4 peptide having the amino 
terminal leucine replaced with an alanine residue, or with a 

20 null vector. Injections were performed with 50 (j.g of 
■plasmid DNA injected as "naked DNA" (that is, with no 
liposome, microparticle , or other carrier) into each 
anterior tibialis muscle. A booster immunization was 
performed 14 days after the first immunization, and a second 

25 booster immunization was performed 14 days after the first 
boost. Ten days following the third immunization, 
splenocytes were harvested and stimulated in vitro with 
syngeneic lipopolysaccharide (LPS) blasts which had been 
incubated with the synthetic A2 . 4 peptide. After 4 days of 

30 co-culture, CTL activity was measured on human targets 
labeled with HPV peptides (Table III) . 
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Table III. Lysis of Human Cells Labeled with HPV-derived 
Peptides by Murine CTL from HLA-Transgenic Mice Immunized 
with Plasmid Encoding an A2.4 peptide. 



IMMUNOGEN % LYSIS OF TARGET CELLS' 

pVA2 .4 28.7 + 0.7* 

Vector 6.8 ± 2.9* 



10 . "Data are reported as the mean lysis values at 100:1 

effector to target ratio. Error is reported as the ' 
standard deviation; p=0.05 by Students t-test. 

Mice immunized with a plasmid encoding the A2.4 
peptide generate CTL' that lyse human targets expressing HLA- 
15 A2 and the appropriate HPV: peptide. This response is 

significantly greater than that achieved by immunization 
with null vector DNA alone. 

Example 3. Plasmid DNA encoding the A2.1/4 peptide 
delivered to mice in PLGA microparticles elicit3 CTL 
2 0 responses 

6-8 week old HLA-A2/K b females were immunized 
intraperitoneally one time with 2-5/igof PLGA microparticles 
containing plasmid pBIOTOPE Hpv . Seven days following the 
immunization, splenocytes were harvested and in vitro 
25 stimulated with IL-2. After 2 days, CTL activity was 
measured on human targets labeled with HPV peptides 
(HPV(+)), or lacking HPV peptide (HPV(-)) / at an E:T ratio 
of 50 : 1 (Table IV) . 
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Table IV. Lysis of Human Cells Labeled with HPV- 
derived Peptides by Murine Splenocytes from HLA- 
Transgenic Mice Immunized with PLGA Microparticles 
Containing pBIOTOPE OTV 



5 





IMMUNOGEN 


.% LYSIS 


OF TARGET CELLS 






HPV ( + ) 


HPV ( - ) 




pBIOTOPE HPV 


17.4 +' 


2.8* 3.9 + 4.2" 


10 









Data are reported as the mean lysis values, from 
three individual measurements. 

"Error is reported as the standard deviation; p 
value <0. 05 as determined by the Students t-test. 



15 Thus, mice immunized with. PLGA microparticles 

containing pBIOTOPE HPV generate CTL that lyse human targets 
expressing HLA-A2 arid A2.1/4 peptide. 

Example 4. Synthetic peptides derived from HPV type 16 
activate human CTL 

20 Peripheral blood mononuclear cells (PBMC) from an 

HLA-A2- donor were cultured in vitro for two rounds of 
stimulation in the presence of 300 units of IL-2 and peptide 
A2.1/4 (LLMGTLGIVCPIC) (SEQ ID NO: 3) or an immunodominant 
peptide having the amino acid sequence GILGFVFTL (SEQ ID 

25 NO: 24) from influenza virus, which was used as a positive 
control. 

Seven days after the second stimulation, each 
culture was subdivided into two subgroups. One subgroup of 
each culture was stimulated for an additional 7 hours with 
30 the respective peptide ("the third .peptide stimulation"), 
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while the other subgroups were, cultured without the peptide. 
All samples were pretreated with brefeldin A to prevent 
cytokine secretion. The cells were then subjected to triple 
color' flow cytometry staining for CD8, CD16, and 
5 interf eron-y . 

The results of the experiments are shown in Fig. 2. 
For cells treated with the A2 . 1/4 peptide, 28% of the cells 
subjected to the third peptide stimulation stained positive 
for interf eron-y, compared to 1.7% of the cells that did not 

10 receive a final stimulation. The percentage of CD8* cells 
in cells receiving a third stimulation with peptide was 
14.4%, while 19.2% of the cells which did not received a 
third stimulation were CD8*. Overall, 3.1% of the PBMC 
receiving a final pulse of the A2.1/4 peptide were activated 

15 CTL, i.e., were CD8* CD16" IFN-y% compared to 0.5% of the 
cells receiving no final pulse of HPV-derived peptide. 

For cells treated with the influenza peptide, 11.5% 
of the cells receiving a third stimulation with the 
influenza peptide were positive for interferon y, compared 

20 to 1.7% of the cells that did not receive a third 

stimulation. For cells cultured with influenza peptide, . 
11.5% of the cells given a final pulse of influenza peptide 
were activated, compared to 1.49% of cells which were not 
given a final pulse of influenza. 

25 Figs. 3 and 4 demonstrate that CTL specific for the 

A2.1 or A2.4-C peptides can recognize and lyse HPV 16- 
infected cells. Fig. 3 shows CTL-mediated lysis of an HLA- 
A2*, HPV-16* transformed line (Caski) by T cell populations 
exposed to peptide A2.1, A2.4-C, or a peptide derived from 

30 influenza virus ("Flu"). Effector/target (E/T) ratios 

ranging from 2 5 to 1.5 were used. The peptide A2.4-C was 
highly effective at inducing lysis, with nearly 35% release 
detected at an E/T ratio of 25:1. The A2 . 1 peptide was less 



effective, but nevertheless caused much higher percentages 
of lysis at E/T ratios of 25:1 and 12.-1 than did the 
influenza peptide. 

Results with PBL isolated from a second HLA-A2* 
5 individual and subjected to two rounds of stimulation with 
peptide A2.1, peptide A2 . 4, or the influenza peptide ("Flu") 
are shown in Fig. 4. Both the A2 . 1 and A2 . 4 peptides 
induced higher. levels of lysis than did the influenza 
peptide. 

10 These observations demonstrate that the A2.1/4 

peptide, or peptides derived thereform, can activate and 
expand PBL from humans, and that these peptides can cause 
CTL-mediated lysis of target cells transformed with HPV16. 

Other Embodiments . 

15 It is to be understood that while the invention has 

been described in conjunction with the detailed description 
thereof,' that the foregoing description is intended to 
illustrate and not limit the scope of the appended claims. 
Other aspects, advantages," and modifications are within the 

20 scope of the following claims-' 



- 24 - 



